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Conclusion: While there was no difference in LOS, severity of illness was different
between patients who received OMT and those who did not. Patients who devel-
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unit received OMT, suggesting that severity of illness was greater for those who
received OMT. Future studies should include a higher subject number in order to
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ª 2014 The Authors. Published by Elsevier Ltd. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).treatment can be
postthoracotomy
that included a
ength of stay by
anipulative treat-
tthoracotomy pa-
h of stay in those
s severity.Introduction
The effect of osteopathic manipulative treatment
(OMT) or manual therapy on postoperative pa-
tients has been studied for a variety of surgical
procedures, and many studies have shown positive
benefits. Goldstein et al.1 showed a reduction in
patient analgesic use between postoperative OMT
and postoperative sham manipulative treatment
groups when OMT was used in the immediate 48-
h period following a total abdominal hysterec-
tomy. Crow et al.2 examined the effect of OMT on
patients who developed a bowel ileus post-
operatively. A non-obstructive, paralytic, bowel
ileus occurs when the normal propulsitile activity
of the gastrointestinal system is disrupted by
autonomic and inflammatory processes. Their
study found that those patients who received OMT
had a mean length of stay (LOS) of 2.8 days less
than those who did not receive OMT. Baltazar
et al.3 investigated the use of OMT after major
abdominal surgery and found OMT reduced time to
flatus and decreased LOS. Wieting et al.4 investi-
gated the use of OMT after coronary artery bypass
graft (CABG) surgery and found patients receivingOMT had more rapid functional improvements and
a decrease in LOS compared to control patients.
A thoracotomy is a surgical procedure that in-
volves making an incision into the pleural space of
the chest. This procedure may be used to remove
all or part of a lung or remove fluid or infection.
For pulmonary resections, a posterolateral thora-
cotomy is commonly used. For this procedure, the
patient is placed in the lateral recumbent position
with the upper arm flexed forward to rotate the
scapula away from the incision, and the sur-
rounding musculoskeletal structures are held in an
altered position for several hours. This approach
transects major muscles and with the subsequent
spreading of the ribs disrupts normal mechanical
structure and function of the rib cage, potentially
leading to postthoracotomy pain syndrome.5
Therefore, because of the somatic dysfunction
caused by the procedure, OMT may benefit the
postthoracotomy patient.
Hirayama et al.6 examined the effects of
manual therapy on postoperative pain after pul-
monary resection by posterolateral thoracotomy.
Patients were an average of 17 days postoperative
when they received manual therapy, and they
received one treatment each week for three
weeks. Pain severity was measured using a visual
analog scale, where the scale was set at ten before
the first treatment. After three sessions, all pa-
tients showed a decrease in pain from ten to an
average of 1.9 (range, 1.3e2.6).6 O-Yurvati et al.7
examined the effects of OMT immediately
following sternotomy for CABG surgery. Pre-OMT
versus post-OMT measurements showed signifi-
cant hemodynamic benefits with improved cardiac
function and perfusion, suggesting that OMT
improved fluid homeostasis.7
While the mean LOS for posterolateral thora-
cotomy surgery in general is unknown, in a study
by Paul et al.,8 1281 patients with lung cancer who
had lobectomy by thoracotomy had an average LOS
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the average LOS to be seven days in 686 patients
with lung cancer who had lobectomy by thoracot-
omy. To our knowledge, no studies have investi-
gated the effect of OMT on LOS in patients who
have undergone lung resection via posterolateral
postthoracotomy. Therefore, the current explor-
atory study retrospectively evaluated the effect of
OMT on the LOS of hospitalized posterolateral
postthoracotomy patients compared with patients
who did not receive OMT. We hypothesized that
OMT would decrease the LOS in hospitalized pa-
tients who had undergone a lung resection via
posterolateral postthoracotomy compared with
patients who did not receive OMT.Materials and methods
The current retrospective study was reviewed and
approved by the local institutional review board.
Electronic billing records from a rural hospital
were searched from 1998 through 2011 for patients
receiving thoracotomies with lung resections as
defined by the International Classification of Dis-
eases Ninth Revision10 codes listed in Table 1. Men
and women of all ages and race and ethnicity
groups were included in the current study. Poten-
tial records were excluded from the current study
if the patient had a thoracotomy without lung
resection, a postmortem thoracotomy with lung
resection, a thoracoscopy with lung resection, or a
video-assisted thoracoscopic surgery with lung
resection. Patients who were transferred to
another acute care facility during their post-
surgical hospital stay or whose hospital medical
records were inaccessible were also excluded from
the current study. When only a portion of theTable 1 International classification of diseases
ninth revision (ICD-9) codes used in the current study
to identify patients who received thoracotomies with
lung resection.
ICD-9 code Description
32 Excision of lung and bronchus
32.0 Local excision or destruction of
lesion or tissue of bronchus
32.1 Other excision of bronchus
32.2 Local excision or destruction of lesion or
tissue of lung
32.3 Segmental resection of lung
32.4 Lobectomy of lung
32.5 Pneumonectomy
32.6 Radical dissection of thoracic structures
32.9 Other excision of lunghospital medical record was available, useable
data from those patients was limited to the
accessible information. At the rural hospital of the
current study, only one surgeon performs open
lung resections, and he uses the posterolateral
thoracotomy approach.
Medical records were reviewed for patient age,
sex, smoking history, data of admission, date of
discharge, thoracotomy surgery data, total num-
ber of specialty consultations, osteopathic
manipulative medicine (OMM) consultation data,
and discharge diagnoses and location. Specific
notations were made of those patients who had a
discharge diagnosis of postoperative ileus. The LOS
was determined from the admission date from the
history and physical report and the discharge date
from the discharge report.
The thoracotomy surgery data included the
following information: length of time from admission
to thoracotomy surgery, indications for surgery,
length of surgery, total number and type of addi-
tional procedures performedduring the thoracotomy
surgery, and intensive care unit (ICU) utilization.
The OMM consultation data included the
following information: date of initial OMM consul-
tation, total number of visits from the OMM
consultation service, postoperative status at the
time of the initial OMM consultation, the location
of the initial OMM consultation, ventilator use prior
to and at the time of the initial OMM consultation,
and date of discharge from the OMM consultation
service. Additional data included the OMM
consultation chief complaint and final assess-
ments, participation in the consultation by resi-
dent physicians or medical students, regions of
somatic dysfunction documented and osteopathic
manipulative techniques used.Analysis
The data were analyzed using SAS statistical soft-
ware (version 9.3, SAS Institute, Inc.). All available
data were used in the analyses. Because most of the
continuous variables were not normally distributed,
nonparametric statistical methods were used. Man-
neWhitney tests were used to compare those who
received OMT and those who did not for the
following variables: age, LOS for all thoracotomy
patients and excluding patients with a discharge
diagnosis of postoperative ileus, length of time from
admission to thoracotomy surgery, length of thora-
cotomy surgery, total number of procedures per-
formed during the thoracotomy surgery, and total
number of consultations ordered excluding OMM.
Fisher exact tests were used to compare the groups
Table 2 Demographic characteristics of patients
receiving osteopathic manipulative treatment (OMT)
or No OMT following thoracotomy with lung resection.
Study variable Total
sample
(N ¼ 38)
OMT
(n ¼ 23)
No OMT
(n ¼ 15)
P value
Demographics
Age, y,
mean (SD)
59 (19) 62 (20) 54 (16) .09
Sex, n (%) .74
Male 21 (55%) 12 (57%) 9 (43%)
Female 17 (45%) 11 (65%) 6 (35%)
Smoking
history, n (%)
.84
Current 16 (42%) 9 (56%) 7 (44%)
Former 12 (32%) 7 (58%) 5 (42%)
Never 10 (26%) 7 (70%) 3 (30%)
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surgery, types of procedures performed during the
thoracotomy surgery, discharge location, and
admission directly to the ICU following the surgical
procedure. A ManneWhitney test was also used to
test for an association of LOS with smoking history
and with the types of procedures performed during
the thoracotomy surgery. For patients who received
OMT, descriptive statistics (frequencies and per-
centages or means and standard deviations [SD])
were used to summarize the data for the following
variables: time from thoracotomy surgery to the
OMM consultation, number of visits from the OMM
consultation service, whether or not the patient was
postoperative at the time of the OMM consultation,
location at the time of the OMM consultation,
ventilator use prior to the OMM consultation, venti-
lator use at the time of the OMM consultation,
whether or not the patient was discharged from the
OMM service before being discharged from the hos-
pital, OMM consultation chief complaint, final OMM
assessment, resident or medical student participa-
tion in the OMM consultation, regions of somatic
dysfunction noted, and osteopathic manipulative
techniques used. P  .05 were considered statisti-
cally significant. Due to the exploratory nature of
the current study, no adjustment for multiple com-
parisons was made to the significance level to avoid
inflating the type II error rate.Results
Thirty-eight patients (21 [55%] males and 17 [45%]
females) received a thoracotomy with lung resec-
tion between 1998 and 2011 (Table 2). Twenty-
three patients (61%) received OMT during their
acute care hospital admission, and 15 patients
(39%) did not. All patients who received OMT during
their hospitalization did so via an OMM specialty
consultation. There were no significant differences
in patient demographics between those patients
who had OMT and those who did not (all P > .09).
There was no significant difference in LOS be-
tween those who had OMT (mean [SD], 11.0 [6.8]
days) and those who did not have OMT (10.4 [5.5]
days, P ¼ .90) (Table 3). Smoking history was not
related to LOS (P¼ .77). Themean (SD) LOS was 12.4
(7.8) days for patientswhowerecurrent smokers, 9.8
(4.9) days for patientswhowere former smokers, and
9.3 (4.5) days for patients who had never smoked.
There were no significant differences in the
length of time from admission to thoracotomy
surgery, indications for thoracotomy surgery,
length of thoracotomy surgery, and total numberand types of procedures performed between those
patients who had OMT and those who did not (all
P  .29) (Table 3). Some patients had more than
one type of thoracotomy procedure performed.
Those patients who had two types of thoracotomy
procedures had a longer LOS (mean [SD], 15.1 [6.9]
days) than those who only had one procedure (8.8
[4.9] days, P ¼ .002). Eight of the 12 patients (67%)
who had two procedures received an OMT consul-
tation. Thirty-two patients (84%) were admitted
directly to the ICU following their surgical pro-
cedure(s). Twenty-two of the 23 patients who
received OMT were admitted directly to the ICU
(96%) compared with 10 of the 15 patients who did
not receive OMT (67%, P ¼ .03).
The effect of the type of thoracotomy procedure
performed on LOS is outlined in Table 4. The most
common surgical procedure was a wedge resection
of the lung (26 [68%]). Fifteen of the 26 patients
(58%) who had a wedge resection performed had an
OMM consultation. Having a decortication per-
formed, which involves the removal of a restrictive,
fibrous capsule that has formed in the pleural
space, increased LOS by a mean of 6.4 days
(P ¼ .005). Six of the 9 patients (67%) who had a
decortication performed had an OMM consultation.
There was no significant difference in total
number of consultations ordered excluding OMM
between those patients who had OMT and those
who did not (P ¼ .77) (Table 3). There was no sig-
nificant difference for discharge location between
those patients who received OMT and those who did
not (P ¼ .89) (Table 3). Five of the 23 patients (22%)
who received OMT and none of the patients who did
not receive OMT had a discharge diagnosis of
postoperative ileus (P ¼ .14). Excluding patients
Table 3 Comparisons of patients receiving osteopathic manipulative treatment (OMT) or No OMT following
thoracotomy with lung resection.
Study variable Total sample (N ¼ 38) OMT (n ¼ 23) No OMT (n ¼ 15) P value
Length of stay, d, mean (SD) 10.8 (6.2) 11.0 (6.8) 10.4 (5.5) .90
Range, d 3e29 5e29 3e22
Thoracotomy surgery
Time from admission, d, mean (SD) 1.8 (3.0) 1.6 (3.1) 2.1 (3.0) .29
Indications for surgery, n (%) .92
Cancer 7 (18) 5 (22) 2 (13)
Hemoptysis 1 (3) 1 (4) 0
Pneumothorax 5 (13) 3 (13) 2 (13)
Emphysematous bleb 1 (3) 0 1 (7)
Empyema 9 (24) 5 (22) 4 (27)
Lung mass 15 (39) 9 (39) 6 (40)
Length of surgery, h, mean (SD) 3.4 (1.1) 3.5 (1.1) 3.3 (1.2) .68
No. procedures performed, mean (SD) 1.3 (.5) 1.3 (.5) 1.3 (.5) .60
Types of procedures performed, n (%)
Wedge resection of lung 26 (68) 15 (65) 11 (73) .73
Lobectomy of lung 12 (32) 8 (35) 4 (27) .73
Decortication of lung 9 (24) 6 (26) 3 (20) >.99
Total pneumonectomy 2 (5) 1 (4) 1 (7) >.99
Partial pneumonectomy 1 (3) 1 (4) 0 >.99
Admission directly to ICU following
procedure, n (%)
32 (84) 22 (96) 10 (67) .03a
No. of consults ordered (excluding OMM),
mean (SD)
1.2 (.6) 1.1 (.6) 1.2 (.6) .77
Discharge location, n (%) .89
Home 30 (79) 17 (74) 13 (87)
Rehabilitation unit 1 (3) 1 (4) 0
Skilled nursing facility 5 (13) 3 (13) 2 (13)
Death 2 (5) 2 (9) 0
Discharge diagnosis of postoperative ileus 5 (13) 5 (22) 0 .14
Abbreviations: ICU, intensive care unit; OMM, osteopathic manipulative medicine; SD, standard deviation.
a Fisher exact test. Statistically significant finding.
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no significant difference in LOS between those who
had OMT (mean [SD], 12.2 [7.3] days) and those
who did not have OMT (10.4 [5.5] days, P ¼ .62).Table 4 Effect of specific surgical procedure on length of
Surgical procedure LOS, d, mean (SD), (ran
Patients having specific
surgical procedure
Wedge resection of lung
(n ¼ 26)
11.0 (6.7), (3e29)
Lobectomy of lung (n ¼ 12) 11.6 (6.6), (5e29)
Decortication of lung (n ¼ 9) 15.7 (6.5), (7e26)
Total pneumonectomy (n ¼ 2) 9.0 (2.8), (7e11)
Partial pneumonectomy
(n ¼ 1)
7.0 (NA),b (NA)
Abbreviations: NA, not applicable; SD, standard deviation.
a P value from ManneWhitney test of those patients who had the
group who did not have that procedure on LOS.
b Standard deviation and range not available because only 1 pat
c Statistically significant finding.The time from surgery to the OMM consultation
was a mean (SD) of 0.6 (4.0) days (range, 6 days
before the surgery to 16 days after the surgery).
Patients received a visit from the OMM consultationstay (LOS) in posterolateral postthoracotomy patients.
ge) P valuea
Patients not having specific
surgical procedure
10.3 (5.5), (5e22) .87
10.4 (6.2), (3e26) .49
9.3 (5.4), (3e29) .005c
10.9 (6.4), (3e29) .92
10.9 (6.3), (3e29) .55
specified procedure compared with those patients in the study
ient had a partial pneumonectomy.
Table 6 Osteopathic manipulative techniques used
in posterolateral postthoracotomy patients (N ¼ 23).
Techniques No. of patients (%)
Myofascial release 23 (100)
Balanced ligamentous
tension
20 (87)
Muscle energy 16 (70)
Rib raising 16 (70)
Articulatory 14 (61)
Cranial 14 (61)
Inhibition 14 (61)
Soft tissue 13 (57)
Other osteopathic
manipulative techniques
9 (39)
Visceral 8 (35)
Still technique 7 (30)
Facilitated positional
release
6 (26)
Neurofascial release 6 (26)
Counterstrain 4 (17)
Lymphatic 4 (17)
Integrated
neuromusculoskeletal
release
2 (9)
Unspecified 2 (9)
High velocity low amplitude 1 (4)
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(range, 2e21 days). Of the 23 patients receiving an
OMM consultation, 22 patients (96%) were post-
operative at the time of the OMM consultation.
Nineteen patients (83%) were located in the ICU at
the time of the OMM consultation. Fifteen of the 23
patients who had an OMM consultation (65%) were
not able to come off the ventilator immediately
after the thoracotomy procedure, and 5 of these 15
patients (33%) were on the ventilator at the time of
the OMM consultation. Eight of the 23 patients
(35%) who had an OMM consultation were dis-
charged from the OMM consultation service before
being discharged from the hospital.
There were five chief complaints noted on the
initial OMM consultation report: chest/rib pain (16
[70%]), homeostatic support (3 [13%]), thoracic
pain (2 [9%]), lower respiratory infection (1 [4%]),
and lumbar pain (1 [4%]). There were four final
consultation assessments noted on the initial OMM
reports or subsequent OMM progress notes: chest/
rib pain (19 [83%]), thoracic pain (2 [9%]), lower
respiratory infection (1 [4%]), and lumbar pain (1
[4%]). Nineteen OMM consultations (83%) involved
resident or medical student participation. The re-
gions of somatic dysfunction treated with OMT are
outlined in Table 5. All patients who received OMT
were treated for somatic dysfunction of the cer-
vical, thoracic, and rib regions. The OMT tech-
niques used are outlined in Table 6. The most
commonly used types of OMT techniques were
myofascial release (23 patients [100%]), balanced
ligamentous tension (20 [87%]), muscle energy (16
[70%]), and rib raising (16 [70%]).Discussion
In the current study, OMT did not significantly
affect the LOS in patients who received a lungTable 5 Regions of somatic dysfunction treated in
posterolateral postthoracotomy patients (N ¼ 23).
Body region No. of patients (%)
Cervical 23 (100)
Thoracic 23 (100)
Ribs 23 (100)
Head 17 (74)
Abdomen 17 (74)
Lumbar 13 (57)
Sacrum 10 (43)
Upper extremity 10 (43)
Pelvis 7 (30)
Lower extremity 5 (22)resection via posterolateral postthoracotomy.
However, neither smoking history nor post-
operative ileus increased LOS in the current study
even though both conditions have been found to
increase postoperative LOS in larger studies. A
prospective study by Barrera et al.11 of 300 pa-
tients undergoing lung resection for lung cancer
found that the overall pulmonary complication
rate was higher (P ¼ .03) and the LOS greater
(mean, 9 vs 6 days; P < .05) for ongoing smokers
compared with nonsmokers. In the current study,
all patients with a discharge diagnosis of post-
operative ileus, which is known to increase LOS,12
had received OMT. A large national database study
found that postoperative patients coded with
postoperative ileus showed a mean increase in LOS
of six days compared with patients without post-
operative ileus.12 The findings from these larger
studies suggest the current study was likely insuf-
ficiently powered to demonstrate a significant
difference in LOS.
In the current study, the severity of illness
appeared to be greater for those who received
OMT than those who did not. A majority of those
receiving OMT were admitted directly to the ICU,
which also suggests a greater severity of illness.
Additionally, 67% of the patients who received OMT
had two surgical procedures, which was associated
94 R.K. Fleming et al.with a statistically significant increase in LOS by
6.3 days. Further, 67% of those patients having a
decortication received OMT, which was associated
with a statistically significant increase in LOS by
6.4 days.
In the current study, OMM consultations were
requested by either the thoracic surgeon or one of
the other consulting physicians. OMT was initiated
six days before surgery to 16 days after surgery.
Because OMT was initiated up to 16 days following
the surgical procedure in some cases, our results
may have been different if the OMM consultation
service had been consulted immediately after
surgery or before surgery for all patients. Studies
assessing the effect of OMT on postoperative out-
comes have used different timing of the OMT.
Goldstein et al.1 initiated OMT approximately four
hours after the patient was returned to their room
following a total abdominal hysterectomy. O-Yur-
vati et al.7 initiated OMT within two hours
following CABG surgery. In a retrospective study
conducted by Crow et al.,2 OMT consultations were
typically delayed 3e4 days after abdominal sur-
gery to allow bowel function to normalize without
intervention. In studies looking at the effect of
OMT on pneumonia patients,13e15 OMT was initi-
ated with the first 24 h of admission or within the
first 24 h of making the pneumonia diagnosis.
Future prospective postthoracotomy studies
should initiate OMT within a specified time to
decrease the impact of initiating OMT at different
times. This variability may have influenced results
of the current study.
Because of the retrospective nature of the
current study, there was no standardization of
body regions treated or OMT techniques used.
Therefore, no conclusions can be made about the
efficacy of any particular osteopathic technique.
For example, a lymphatic technique was only
documented in 4 patients who received OMT even
though lymphatic techniques have been shown to
be beneficial in the inpatient setting.7,13,14 How-
ever, most lymphatic techniques such as thoracic
inlet release were likely documented as myofascial
release, leaving only techniques such as effleurage
and lymphatic pumps to be documented as
lymphatic. In studies looking at the effect of OMT
on pneumonia patients,13e15 a specific protocol
was used. For the Multicenter Osteopathic Pneu-
monia Study in the Elderly (MOPSE),13,14 the pro-
tocol included soft tissue to the thoracic and
cervical spine, rib raising, doming the diaphragm,
suboccipital inhibition, myofascial release to the
thoracic inlet, thoracic lymphatic pump with
activation, and the pedal lymphatic pump. The
goal of this protocol was to improve the function ofthe musculoskeletal, autonomic, and lymphatic
systems.13 Future prospective studies assessing
OMT in the postthoracotomy patient should
include a protocol of techniques to target muscu-
loskeletal, lymphatic, and autonomic dysfunction.
The current study did not compare pain medi-
cation usage between those patients who received
OMT and those who did not, and it did not follow
the patients as outpatients to determine the ef-
fect of postoperative OMT on postthoracotomy
pain syndrome, which occurs in more than 50% of
patients.16 Postthoracotomy pain syndrome is
defined as pain that recurs or persists along the
thoracotomy incision for at least 2 months
following the surgical procedure.17 The postero-
lateral thoracotomy requires transection of
several different muscles, including the latissimus
dorsi, serratus anterior, and internal and external
intercostal muscles. The incision is typically made
above either rib 5 or rib 6, and then a rib spreader
is used that may cause additional dysfunction to
the adjacent articular and myofascial structures of
the ribs. Shoulder movement worsens the pain in
24% of postthoracotomy pain syndrome patients,18
and frozen shoulder can result from disuse.19 In a
study by Hamada et al.,20 trigger points were
found adjacent to the wound in 44% of patients
with postthoracotomy pain syndrome and within
the scapular region in 67% of patients. Future
prospective studies should specifically look at the
effects of the posterolateral thoracotomy surgery
on regional somatic dysfunction and on how OMT
can be implemented to improve the function of
the musculoskeletal, autonomic, and lymphatic
systems.
The limitations of the current study include low
patient volume, differences in illness severity be-
tween the groups, lack of consistency in initiating
OMT postoperatively, and lack of consistency with
the osteopathic techniques used and body regions
treated with OMT. Further, the reasons for the
thoracotomy, the procedures performed, and
comorbidities of the patients could have affected
the LOS results. For example, the majority of those
patients undergoing a decortication received OMT,
yet the mean LOS of the OMT group was the same
as those who did not receive OMT. Because the
surgical procedures in the current study were
performed by one surgeon, the use of more
aggressive procedures, or a more critically ill pa-
tient may have prompted his request for an OMM
consultation. A larger sample size may have yiel-
ded significant differences between groups and
the inclusion of patients from more than one sur-
geon would increase the generalizability of the
results. As with all retrospective studies, unknown
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unable to account for.
Many of the limitations of the current study
could be addressed in future studies. Randomized
controlled trails with a larger patient volume
would be the most appropriate to assess the ef-
fect of administering OMT immediately following
surgery or before surgery. Objective measure-
ments of preoperative and postoperative pulmo-
nary function could be measured to compare
those who received OMT and those who did not. A
standardized OMT protocol could be developed for
future studies on postthoracotomy patients that
would decrease variability of the OMT received by
the patients. Also, the effect of OMT on the inci-
dence of postthoracotomy pain syndrome, use of
antibiotics, and narcotic usage could be studied.
Considering the musculoskeletal and fascial
dysfunction that may be contributing to post-
thoracotomy pain syndrome, the application of
OMT in postthoracotomy patients may reduce
pain.Conclusion
The current study found no significant difference
in LOS for those patients who received OMT and
those who did not. However, the patients in the
current study who received OMT may have had a
greater severity of illness as evidenced by
increased ICU utilization than those who did not
receive OMT. Therefore, the equivalent LOS of the
2 groups, despite the disparity of illness severity,
may have been a result of the OMT or other factors
that we were unable to control for with the cur-
rent design. Future studies should be performed at
locations that have a higher procedure volume to
evaluate more patients and stratify for illness
severity. Such studies could also follow patients in
the outpatient period to assess long-term pain
outcomes. Results from such studies may elucidate
the effect of OMT on LOS and the incidence of
postthoracotomy pain syndrome.Author contribution statement
Kent J. Blanke, DO conceived the idea for the
study and provided critical revision.
Regina K Fleming, DO, Karen T. Snider, DO, and
Jane C. Johnson, MA participated in study design,
data acquisition, data analysis and interpretation,
drafting of the manuscript, and critical revision.
All authors edited and approved the final
version of the manuscript.Conflict of interest
None declared.Ethical approval
Ethics approval was provided by AT Still University
e Kirksville College of Osteopathic Medicine Insti-
tutional Review Board.Funding
None declared.Acknowledgments
We thank Deborah Goggin, MA, from Research
Support at A.T. Still University for her editorial
assistance.References
1. Goldstein FJ, Jeck S, Nicholas AS, Berman MJ, Lerario M.
Preoperative intravenous morphine sulfate with post-
operative osteopathic manipulative treatment reduces pa-
tient analgesic use after total abdominal hysterectomy.
J Am Osteopath Assoc 2005;105:273e9.
2. Crow WT, Gorodinsky L. Does osteopathic manipulative
treatment (OMT) improve outcomes in patients who
develop postoperative ileus: a retrospective chart review.
Int J Osteopath Med 2009;12:32e7.
3. Baltazar GA, Betler MP, Akella K, Khatri R, Asaro R,
Chendrasekhar A. Effect of osteopathic manipulative
treatment on incidence of postoperative ileus and hospital
length of stay in general surgical patients. J Am Osteopath
Assoc 2013;113:204e9.
4. Wieting JM, Beal C, Roth GL, Gorbis S, Dillard L, Gililand D,
et al. The effect of osteopathic manipulative treatment on
postoperative medical and functional recovery of coronary
artery bypass graft patients. J Am Osteopath Assoc 2013;
113:384e93.
5. Durrleman N, Massard G. Posterolateral thoracotomy. Mul-
timed Man Cardiothorac Surg 2006;2006. mmcts 2005
001453.
6. Hirayama F, Kageyama Y, Urabe N, Senjyu H. The effect of
postoperative ataralgesia by manual therapy after pulmo-
nary resection. Man Ther 2003;8:42e5.
7. O-Yurvati AH, Carnes MS, Clearfield MB, Stoll ST,
McConathy WJ. Hemodynamic effects of osteopathic
manipulative treatment immediately after coronary artery
bypass graft surgery. J Am Osteopath Assoc 2005;105:
475e81.
8. Paul S, Altorki NK, Sheng S, Lee PC, Harpole DH,
Onaitis MW, et al. Thoracoscopic lobectomy is associated
with lower morbidity than open lobectomy: a propensity-
matched analysis from the STS database. J Thorac Car-
diovasc Surg 2010;139:366e78.
96 R.K. Fleming et al.9. Scott WJ, Allen MS, Darling G, Meyers B, Decker PA,
Putnam JB, et al. Video-assisted thoracic surgery versus
open lobectomy for lung cancer: a secondary analysis of
data from the American College of Surgeons Oncology
Group Z0030 randomized clinical trial. J Thorac Cardiovasc
Surg 2010;139:976e81. discussion 981e973.
10. Buck CJ. 2014 ICD-9-CM for Physicians. Professional ed.,
Vols. 1 & 2. Philadelphia, PA: Saunders; 2013.
11. Barrera R, Shi W, Amar D, Thaler HT, Gabovich N, Bains MS,
et al. Smoking and timing of cessation: impact on pulmo-
nary complications after thoracotomy. Chest 2005;127:
1977e83.
12. Goldstein JL, Matuszewski KA, Delaney CP, Senagore A,
Chiao EF, Shah M, et al. Inpatient economic burden of
postoperative ileus associated with abdominal surgery in
the United States. P and T 2007;32:82e90.
13. Noll DR, Degenhardt BF, Fossum C, Hensel K. Clinical and
research protocol for osteopathic manipulative treatment
of elderly patients with pneumonia. J Am Osteopath Assoc
2008;108:508e16.
14. Noll DR, Degenhardt BF, Morley TF, Blais FX, Hortos KA,
Hensel, et al. Efficacy of osteopathic manipulation as an
adjunctive treatment for hospitalized patients withpneumonia: a randomized controlled trial. Osteopath Med
Prim Care 2010;4:2.
15. Noll DR, Shores JH, Gamber RG, Herron KM, Swift Jr J.
Benefits of osteopathic manipulative treatment for hospi-
talized elderly patients with pneumonia. J Am Osteopath
Assoc 2000;100:776e82.
16. Karmakar MK, Ho AM. Postthoracotomy pain syndrome.
Thorac Surg Clin 2004;14:345e52.
17. Riutta J. Post-thoracotomy pain syndrome. In: Frontera
WR, Silver JK, Rizzo TD Jr., eds. Essentials of physical
medicine and rehabilitation: musculoskeletal disorders,
pain, and rehabilitation. 2nd ed. Philadelphia, PA: Saun-
ders:585e588.
18. Richardson J, Sabanathan S, Mearns AJ, Sides C,
Goulden CP. Post-thoracotomy neuralgia. Pain Clin 1994;7:
87e97.
19. d’Amours RH, Riegler FX, Little AG. Pathogenesis and
management of persistent postthoracotomy pain. Chest
Surg Clin N Am 1998;8:703e22.
20. Hamada H, Moriwaki K, Shiroyama K, Tanaka H,
Kawamoto M, Yuge O. Myofascial pain in patients with
postthoracotomy pain syndrome. Reg Anesth Pain Med
2000;25:302e5.Available online at www.sciencedirect.com
ScienceDirect
